Introduction
Earthquake duration is the total time of ground shaking from the arrival of seismic waves until the return to ambient conditions. Much of this time is at relatively low shaking levels which have little effect on seismic structural response and on earthquake damage potential. As a result, a parameter termed "strong motion duration" has been defined by a number of investigators to be used for the purpose of evaluating seismic response and assessing the potential for structural dam age due to earthquakes. Figure I shows an example of an accelerogram, and the differences between the strong motion duration and the total duration.
Figure I Strong Motion Duration
For design, the duration of the design basis earthquake generally is not an issue since for response spectrum, equivalent static, and even time history methods of analyses, only the peaks of the response are used in developing design seismic forces. However, the duration of strong earth quake motion is a significant parameter for earthquake damage potential when considering low cycle fatigue, soil liquefaction, soil settlement, and inelastic structural response. In addition, for one method of generating synthetic earthquake time histories, it is necessary to establish a time history envelope function consistent with the strong motion duration of the potential earthquakes governing the design/evaluation level seismic loadings.
This report presents methods for determining strong motion duration and a time history enve lope function appropriate for various evaluation purposes, for earthquake magnitude and distance, and for site soil properties. There are numerous definitions of strong motion duration (Refs. 3, 5. 6, 7, 8, 10, 16, and 17) . For most of these definitions, empirical studies have been completed which relate duration to earthquake magnitude and distance and to site soil properties. Each of these definitions recognizes that only the portion of an earthquake record which has sufficiently high acceleration amplitude, energy content, or some other parameters significantly affects seismic response. Studies have been performed which indicate that the portion of an earthquake record in which the power (average rate of energy input) is maximum correlates most closely with potential damage to stiff nuclear power plant structures (Ref. 8) . Hence, this report will concentrate on energy based strong motion duration definitions.
Background
Earthquakes are initiated by rupture and slippage along geologic faults. As a result, body waves a/e emitted outward from the source of the earthquake (zone of energy release). Body waves are of two kinds: P (primary, longitudinal, or compress ional) and S (secondary, transverse, or shear}. Particle motion for P-waves is back and forth along the direction of wave travel. Par ticle motion for S-waves is back and forth perpendicular to the direction of wave travel. Body waves generally arrive at a surface location along a nearly vertical wave pam. This is because they originate from the earthquake source at djpth and travel horizontally through deep, highly compe tent material and then vertically upward. When body waves reach the ground surface they origi nate surface waves which travel parallel to the surface. There are many kinds of surface waves. Of greatest interest in earthquake engineering are L (Love) and R (Rayleigh) waves. Particle motion in L-waves is in a horizontal plane perpendicular to the direction of wave travel. In R-waves of a given frequency, particle motion is elliptical in vertical planes.
At an instrument location, P-waves are first to arrive, followed by S-waves and finally sur face waves. As a result, earthquake acceleration records may be viewed as having three segments. The first segment represents the P-wave arrivals which are characterized by low amplitude. The second segment is mainly associated with direct S-wave arrivals which have relatively high ampli tudes and high frequencies. The duration of the direct S-wave segment is mainly controlled by the duration of rupture at the causative fault. There is continuation of P-wave arrival during the second segment of the motion. The last segment is closely related to the surface wave presence or to the delayed indirect body wave arrivals and has low frequencies and amplitudes ranging from low to moderately high, depending on the local soil conditions, site topography, and the distance from the zone of energy release along the fault. The end of the direct S-wave arrivals and the beginning of the surface wave arrivals are difficult to distinguish clearly and typically there is over lap of the second and third parts of earthquake records. Of [he three segments, the first contains P-waves only; the second contains P and S; and the third has some P and mostly S. L. and R-^aves.
Earthquake duration increases with increasing earthquake magnitude. When an earthquake is of a larger magnitude, the dimensions of fault rupture is larger. Since the dislocation velocity does not change significantly with magnitude, the duration of fault rupture, which is closely related to the duration of the earthquake record, generally increases with increasing earthquake magnitude.
Earthquake duration also increases with increasing distance from the recording site to the zone of energy release of the causative earthquake. This phenomenon is due to the presence of slowly propagating surface waves arriving from long distance as well as of late t'me indirect body wave arrivals due to increased numbers of refractions, reflections, and scatterings of body waves over the longer travel path. Earthquake duration also is greater at soil sites than at rock sites. Earthquake records on soil sites have an additional long period portion not seen in rock records. This long period portion is associated with the difference in dynamic characteristics between hard and soft soils (high impedance ratio).
The generation of synthetic time-histories to match broad banded design spectra may follow two approaches. One approach is to use an actual earthquake time history which produces a response spectrum shape close to the required response spectrum. The Fourier phase spectrum from this time history may be retained and the Fourier amplitudes adjusted, frequency by fre quency, ."•til the resulting response spectrum closely envelopes the required response spec'.rum. The other approach uses a random Fourier phase spectrum and a deterministic time-envelope function. A typical time-envelope function as shown in Figure 2 consists of three portions: t, is the rise time, l m is the lime of maximum power and is that portion which most closely corresponds to the strong motion duration, and i d is the decay lime. In Philippacopoulos, 1989, Kennedy stales that the rise and decay time durations are relatively unimportant but should typically be taken to be about 1/7 and 5/7 of t m , respectively. 
3.

Strong Motion Duration Definitions by Various Investigators
There are a number of definitions of strong motion duration which have been developed by many investigators. Each of these definitions is based upon the fact that the damage potential of an earthquake is a function of the energy of the earthquake, and that the majority of the total energy associated with any earthquake is contained in portions of the earthquake time history which is much shorter in time than the total duration. Probably the most common strong motion duration definition is that given by Trifunac-Brady (1975) who proposed a definition of strong motion dura tion based on a percentage of cumulative energy. It is defined as:
where T 0 , s and T oos represent the times at which 95% and 5%, respectively, of the cumulative energy are reached. Thus, this duration includes 90% of the total cumulative energy. The cumulative energy/((i) of an acceleration time history A(t) at time, t, is given by:
Alternative definitions of strong motion duration have been developed because it was judged thai, for stiff structures (2 to 10 hz) such as those in nuclear power plants, Eq. I provides too long of an estimate of strong motion duration for many records. Many records contain a long tail of oscillatory ground motion with lesser acceleration at the end of the record which continues to input energy but at a substantially lesser rate than the earlier portion of the record. These definitions of strong motion duration are denoted, T D , from NUREG/CR-5347 (Philippacopoulos, 1989) and, T D ', from NUREG/CR-3805 (Kennedy, et. al., 1984) as described below.
T"-T" s -7" s (5) where T" " and T 00i are the times at which 75% and 5, respectively, of u':e cumulative energy are reached. Thus, this duration includes 70% of the total cumulative energy.
NUREG/CR-3805 attempted to define a duration estimate which is directly related to damage for stiff engineered structures such as shear wall structures typically found in nuclear power plant sites. The study was conducted using the twelve earthquake time histories shown in Table 1 . The time of maximum response for both elastic and nonlinear structure representative of degrading stiffness and degrading strength shear walls was considered. Four shear wall structure models with different initial elastic natural frequencies were used. Using the records shown in Table 1 , the time of maximum displacement response for elastic response, and for two levels of nonlinear response was determined. The upper bound of maximum response was noted for die complete set of shear wall structure models and was compared to various times associated with percentages of the total cumulative energy. This study concluded that an upper bound on the time of maximum response, 7'" . can be reasonably approximated by:
where:
7" 0 . 75 is the time at which 75% of the cumulative energy contained in the accelerogram has been reached. 7"" is the time associated with the first zero crossing of the accelerogram following the maximum pos ; tive or negative acceleration.
and that the corresponding strong motion duration is then given by:
This definition is slightly different than T D> Eq. 3, recommended in NUREG/CR-5347 (Philippacopoulos, 1989 ). This definition may sometimes yield values of strong motion duration greater than those given by Eq. 3. When the peak ground acceleration occurs later in time than T 0 ", T D ' will be greater than T D . This is seen in Table 1 for both the Olympia, 1949, and Pacoima Dam, 1971 records. In other cases, the two definitions yield the same duration value. Magnitude, M = M s from 5.9 to 8.0; M L below 5.9
Unlike the NUREG/CR-5347 definition of strong motion duration, T D , most of the other pro posed definitions for duration commonly used in engineering practice do not attempt to relate the definition of duration to damage. Most definitions for duration are expressed in terms of some percentage of the total energy contained in the accelerogram as measured by the Arias intensity (Arias, 1970) . Other definitions in use are based on the time between the first exceedance of some PGA level (typically 0.05g) and the last exceedance of this level, or upon the time at which ihe acceleration exceeds some set level.
Esteva and Rosenblueth (1964) defined the strong motion duration as the duration of an equivalent ground motion with uniform intensity per unit time. They proposed one of'.he first empirical relationships for predicting duration for a given magnitude and site to source distance. Bolt (1973) defined "bracketed duration" of a record, as the elapsed time between the first and last acceleration excursions greater than a given level. He proposed the use of 0.05 or 0. lg acceleration levels. This definition requires that the absolute values of the acceleration of a record exceed some level. Therefore, records having a peak acceleration smaller than 0.05g have zero duration.
Housner (1965) proposed a conservative relationship from which to estimate the upper bound duration of ground motion. This upper bound estimate was based on enveloping the strong motion durations of 16 horizontal accelerograms from pre-1957 west coast U.S. earthquakes. Strong motion duration was not defined definitively in Housner (1965) ; however, Trifunac (1975) reports that results from Bolt (1973) for the bracketed duration of acceleration greater than 0.05 g yield essentially the same durations as reported in Housner (1965) .
Hisado and Ando (1976) defined the duration of ground motion to be the total time from the beginning of the record to the time when the amplitude of the wave becomes equal to one-tenth of the peak acceleration.
Vanmarcke and Lai (1980) proposed a definition of strong motion duration, s ", as the time in which the total energy of a ground motion record is distributed uniformly at constant average power. By this definition, s " is given in terms of the total cumulative energy, F " (determined from Eq. 2 integrated over the entire duration), maximum ground acceleration, pga. and the pre dominant period of the strong motion phase of the earthquake motion. /'" (commonly ranges from 0.2 to 0.6 seconds, determined by counting zero crossings of a record) as:
McCann and Shah (1980) defined the strong motion phase of an accelerogram as that part of the time history that exhibits a "consistent" root mean square (pus) or power level. They further proposed that the intensity of strong ground shaking could be realistically represented by a statistical average such as the root mean square, and the duration over which the rms persists. A cumulative root mean square function forms the basis for McCann and Shah's duration definition. For a discretized accelerogram containing m points, the rms is determined for each point n. where n varies from 0 to m:
V " rn
The beginning of the strong motion is obtained by forming the cumulative rms function of the lime reversed accelerogram and noting the time at which the cumulative rms function takes on a negative slope. The end of the strong ground motion is obtained in a similar manner using the original time history of the accelerogram.
Theofanopulos-Watabe (1989) proposed a definition of strong motion duration based upon the distribution of wave energy over the time history, as opposed to the cumulative energy distribu tion defined by Eq. 2. The following function of time was proposed:
where dt is the time increment and /( O is the Arias intensity function (Eq. 2 x (n / 2 g)) with integration limits from 0 to t.
This function represents the energy added at each time increment of the earthquake motion. The weighted by £(<)average value (u.)oft was proposed as follows:
The weighted by E (/) standard deviation (a) of (was proposed as follows:
where N is the total number of data points, N -T m /dt and T m is the total duration of the record.
The end of the strong motion proposed by Theofanopulos-Watabe (1989) is obtained as:
The strong motion duration is the difference between the time at which a threshold value of E (/') is exceeded and r 2 , the end of strong motion. Theofanopulos-Watabe took this threshold value as equal to ihe value of £ (7) at the end of the strong motion interval E (Y" 2 ).
NUREG/CR-3805 (Ref. 8) concluded that the portion of an earthquake record in which the power (rate of energy input) is maximum correlates most closely with potential damage to stiff nuclear pi/jver plant structures. The Trifunac-Brady, NUREG/CR-S347, Esteva-Rosenblueth, Vanmarcke-Lai, McCann-Shah, and Theofanopulos-Watabe strong motion duration definitions are all based on the energy content of an earthquake record. Furthermore, all of these definitions except Trifunac-Brady attempt to represent the time associated with maximum power. These energy based strong motion duration definitions are considered in the remainder of this report.
Empirical Strong Motion Duration Relationships
Studies of past earthquake time histories have been performed to develop relationships between earthquake magnitude and strong motion duration using many of the strong motion defini tions described above. Theofanopulos and Watabe (1989) a, b, c, d, and e are empirical constants as given in Table 2 . The distance to causative fault, R. is defined as the shortest distance between the site and the surface projection of the fault. Hard soil or rock is defined to be that with shear wave velocity of 3500 fps (1100 mps) or greater. Strong motion duration vs. magnitude relations for all the energy based definitions except that from NUREG'CR-5347 (not available) are shown in Figure 3 . The strong motion values shown in the figure are for a rock site located in the near field of the causative earthquake (15 km from the earthquake source) with the exception of Esteva-Rosenblueth which is independent of soil conditions and Vanmarcke-Lai which is independent of both distance and soil conditions. Figure 3 demonstrates that strong motion duration increases with increasing earthquake magnitude.
The Esteva-Roienblueth, Vanmarcke-Lai, McCann-Shah, and Theofanopulos-Watabe strong motion duration definitions are based on the time of maximum power and. thus, would be appro priate to use for the design/evaluation of stiff nuclear power plant structures. The Trifunac-Brady definition is expected to give durations longer than the time associated with maximum power including most of the earthquake record energy content (90%). Earthquake magnitudes governing design earthquake ground motion generally range from a lower bound magnitude of 5 -5.5 to an upper bound magnitude of 7.5 -' "*. From Figure 3 and considering durations by the EstevaRosenblueth, Vanmarcke-Lai, McCann-Shah, and Theofanopulos-Watabe definitions, it may be seen that for the magnitude 5 -5.5 range, durations range from about 3 to 5 seconds and, for the magnitude 7.5 -8 range, durations range from about 10 to 20 seconds. Note that durations by UK Vanmarcke-Lai and Theofanopuhs-Watabe definitions agree closely.
To illustrate the effects of distance and soil conditions on magnitude, strong motion duration vs. ear'.-'quake magnitude by the Trifunac-Brady and Theofanopulos-Watabe definitions are plMted in Figures 4 and 5 respectively. Each figure includes rock and soft soil conditions and near-field (15km) and distant (50km) earthquake locations. Figures 4 and 5 demonstrate that, by either defi nition of strong motion duration, the soil conditions have a significant effect on duration and the distance has a less significant effect. The effect of increased distance from 15km to 50km is that strong motion duration increased by about 1.5 seconds at all magnitudes for both definitions. The effect of going from a rock site to a soft soil site was an increase in strong motion duration at all magnitudes of aoout 6 seconds for the Trifunac-Brady definition and of about 4 seconds for 'Jie Theofanopulos-Watabe definition. These figures demonstrate that duration increases with ; leas ing distance and that duration for rock sites is lower than that for soil sites. The qualitative reasons for these observations were discussed previously in Section 2, Empirical studies of the NUREG/CR-S347 duration definition, T a . which includes 70% of the cumulative energy (Eq. 3) are not available as they are for Trifunac-3ri.dy, TheclinopulosWatabe, McCann-Shah, Vanmareke-Lai, and Esteva-Rosenblueth. Values of strong motion dura tion, T D , computed in accordance with Eq. 3 are available for the records summarized in Table 1 . In addition, T D values have been computed for tecords from the 1989 Loma Prieta earthquake jnd other earthquakes as reported in Geomatrix, 1991. The T,, values from Table 1 and from Geomatrix, 1991 are plotted as a function of magnitude in Figu.s o. Also plotted on this figure are the strong motion duration vs magnitude relations for the other definitions which attempt to use the time associated with maximum power (rock site at 15km, where applicable). Even though the earthquake data are from a variety of soil conditions and distances, durations from this data tend to be somewhat lower than from the empirically developed relations (with the exception of McCannShah). It should be noted that the Loma Prieta data at Magnitude 7 is anomalously low due to the particular fault rupture characteristics of this earthquake. In addition, these are much fewer data points than were used to establish the relations in Eqs. 12 and 13 and Table 2 . Therefore, there is insufficient data available to establish a reliable relation for T D as a function of earthquake magni tude. An approach for establishing such a relationship will be proposed in Section 6. 
Slrong Motion Duration
Duration Requirements for Seismic Analyses of Nuclear Power Plants
Section 3.7.1. (II. 1 b) of NUREG-0800 provides die minimum strong motion duration requirements for linear structural analyses, using site-independent response spectra such as Regu latory Guide 1.60. The strong motion duration requirements in NUREG-0800 are as follows:
1. The total time duration should be between 10 and 75 seconds.
2. The corresponding stationary phase strong-motion duration should be between 6 seconds and 15 seconds.
3. If site-specific information indicates duration estimates outside these bounds, die site-specific values should be used.
The strong motion duration definition used for commercial nuclear power plants is one that includes the time of maximum power. Duration is defined in this manner because it was felt that Trifunac-Brady and other similar "long" definitions of duration were overly conservative. It has been shown that there is a portion of many records which can extend for a long period of time in which the last 20 to 25% of the earthquake energy is contained but which is a low acceleration levels and which will have very little effect of the seismic response of nuclear power plant type structures. Furthermore, in NUREG/CR-5347 (Philippacopoulos, 1989) Kennedy gives two rea sons for not using artificial time histories with strong motion duration in excess of 15 seconds, or total durations longer than 25 seconds. These are:
1. The high frequency power can be concentrated near the start of die record with the low frequency power concentrated near the end of the record. In this way, the high and low frequency modes of a 5 % or more damped structure will not combine because the high frequency response is damped out before tiie low frequency response becomes strong. Thus, combined response can be severely unconservatively biased.
2. If random phasing is assumed for all Fourier harmonics, then modes have an increased probability of coming into essentially worst-case phasing (absolute sum combination) at some time as strong motion durations are increased to very long times. Thus, combined responses can be severely overestimated when excessively long strong motion durations are used.
The SRP provisions primarily apply to the time duration envelope parameters as shown in Figure 2 which are used to develop artificial accelerograms. For this purpose, a "short" duration definition such as that which from NUREG/CR-5347 (70% on the cumulative energy of the record) is most appropriate as neither such a definition nor the time duration envelope function include a long tail of low acceleration input. This provides a reasonable definition of effective strong motion duration for stiff structures (2 to 10 hz). Such "short" duration definitions include NUREG/CR-5347, Theofanopulos-Watabe, McCann-Shah, Vanmarcke-Lai, and Esteva-Rosenbluedi. Studies which have correlated strong motion duration defined in this manner with earthquake characteristics such as magnitude, distance from earthquake source to the site, and site soil condi tions have been performed for all definitions except that from NUREG/CR-5347 (Eq. 3). How ever, the means of relating these definitions to the parameters of the time envelope function ( Figure  2) have not been performed. In the following section, an approach for estimating srong motion duration corresponding to 70% of the cumulative energy and of estimating duration envelope func tion parameters as a function of earthquake and site characteristics is presented.
Approach for Estimating NUREG/CR-5347 Duration and Duration Envelope Parameters as a Function of Magnitude
The Trifunac-Brady, Vanmarcke and Lai, and NUREG/CR-5347 strong motion duration def initions are all based on relatively simple expressions related to the energy content of an earthquake record as given by Eq. 2. In addition, it is assumed that the parameters defining the duration envelope function shown in Figure 2 can be related to the energy content. Also, it is useful that there are empirical studies relating duration by the Trifunac-Brady and Vanmarcke and Lai defini tions to earthquake magnitude and other characteristics. Using the information listed above, an approach for estimating NUREG/CR-5347 duration and duration envelope parameters as a function of magnitude will be developed in this section. This duration estimation approach is based on the following assumptions:
1. Consider the duration envelope function as shown in Figure 2 . Assume this to be an acceleration vs. time function from which a parameter proportional to cumula tive earthquake energy by utilizing Eq. 2 can be calculated.
2. For typical duration envelope functions [i.e., time of maximum amplitude, t m ; t, = (1/7) t"; t" = (5/7) y, E^, E 5 " E,", E ml , v,, t,, s% , !".", T D and T T . B (i.e., strong motion durations corresponding to 70 and 90% of cumulative energy, respectively), and S" (Vanmarcke-Lai duration) will be computed. It is assumed that these computed values are proportional to corresponding values for actual earthquake records. 
Figure 7 Relation Between Duration Envelope Function and Several Strong Motion Duration Definitions
Using tiie values given above, the duration vs. magnitude relation given by Eq. 12 (with Trifunac-Brady coefficients, R = 15km, and S = 0 IrockJ) can be modified by scale factor, SF, to provide the following NUREG/CR-5347 duration vs. magnitude relationship: (14) Based on the information summarized above and developed in the Aprcndix, the scale factor, SF, to be used in Eq. 14 is T D /T TB = 0.900/1.235 = 0.729. Therefore, «. candidate prediction equation for T D is:
Alternatively, T D as a function of earthquake magnitude may be estimated from the Vanmarcke-Lai relation (Eq. 13) using that T D = 0.7S o . This results in:
Duration values from Eqs. 15 and 16 as a function of earthquake magnitude are plotted in Figure 8 along with values from the limited actual earthquake data for which durations by the NUREG/CR-5347 definition have been computed. Equations 15 and 16 produce estimates for T u which are in close agreement except in the 7.5 to 8 magnitude range where the Eq. 15 values are larger. Eq. 15 is based on the Trifunac-Brady empirical relation which rises more rapidly at higher magnitudes than any of the other relations. These equations produce duration values which are generally above the available data. Equations 15 and 16 result in duration-magnitude relations which are generally similar to relations for odier duration definitions which correspond to the time of marimum power widi the exception of the McCann-Shah definition which is significantly lower than the other definitions (compare with Fig. 6 ). 
Stronq Motion Duration
Time of maximum amplitude, t", for a duration envelope function as shown in Figures 2 and  7 , as determined from Eqs. 17 and 18 are plotted in Figure 9 . Figure 9 illustrates that t", determined from either the NUREG/CR-5347 (Eq. 16) or Vanmarcke-Lai (Eq. 17) strong motion duration definitions are very similar except at very high magnitudes. Using either relationship to obtain t,,,, rise time and decay time, t, and t d , are then determined as recommended by Kennedy in Philippacopoulos, 1989 , to be about 1/7 and 5/7 of t m , respectively. 
Recommended Strong Motion Duration Relationship
In Section 6, equations have been developed which relate strong motion duration defined to be the time over which the power of an earthquake record is near its maximum in accordance with NUREG/CR-5347 with magnitude of the causative earthquake. This definition of strong motion duration, T 0 , begins when the cumulative energy of the earthquake record is at 5% of the total energy and ends when the cumulative energy is at 75% of the total energy. This definition is judged to be most closely correlated to potential seismic damage to stiff, nuclear power plant type •tructures.
It should be noted that these equations are strongly based on a number of assumptions. An important assumption in developing Equation 15 is that T D is primarily due to the direct shear wave arrival segment of earthquake ground motion with little contribution from later time arrivals of sur face waves and refracted, reflected, and scattered shear waves, it is further assumed that earth quake records from rock sites in the near field of the earthquake are due primarily to these direct shear wave arrivals. As a result of this latter assumption, empirical studies of strong motion duration by the Trifunac-Brady definition which includes 90% of the cumulative energy, T TB , for rock sites in the near field (15km) have been used as one basis for estimating NUREG/CR-5347 duration, T D , as a function of earthquake magnitude (Equation 15). The above assumptions lead to the conclusion that T D depends only on magnitude and not on distance to causative fault or on site soil properties. The other equation developed for estimating T D is based on scaling the empirical relation between the Vanmarcke-Lai definition of duration and magnitude. The Vanmarcke-Lai duration is the time over which the total energy is uniformly distributed. T D is the time over which 70% of the total energy is uniformly distributed such that scaling the Vanmarcke-Lai relation by 0.7 is the basis for the other equation (Equation 16 ). Another significant assumption in developing both of these duration estimation equations has been that cumulative energy estimates can be made from the duration envelope function.
For the evaluation of seismic response of stiff nuclear power plant type structures, Eqs. 15 and 16 provide reasonable methods of estimating strong motion duration, T D . As shown in Figure  8 , these equations agree closely except at very high earthquake magnitudes, they provide durationmagnitude relations that are similar to other energy based duration definitions, and they generally provide duration values larger than the limited data for which T D values have been computed. For evaluation purposes in which the total number of cycles are of greater importance even though they may be of lesser amplitude, the Trifunac-Brady duration, T T . B , may be determined as a function of earthquake magnitude, distance to causative fault, and site soil properties from Eq. 12 and Table ? empirical constants. Eq. 12 and Table 2 also provides information to evaluate strong motion dura tion by the Theofanopulos-Watabe, McCann-Shah, and Esteva-Rosenblueth definitions if those def initions are judged to be appropriate for the specific evaluation purposes considered.
Equations 15 and 16 imply a great deal more accuracy than exists in the estimation of NUREG/CR-5347 strong motion duration, T D , with magnitude. As a result, it is judged that the duration-magnitude relation given in Table 3 is appropriate for evaluation of stiff nuclear power plant structures. These duration values are intended to correspond to the definition of strong motion duration as given in Eq. 3 and designated T D . The recommended values are provide; for ranges of magnitudes and are about die average values from Eqs. 15 and 16. These values are appropriate as one means for selecting actual earthquake time histories to be used for seismic eval uation or for developing artificial input time histories by the approach in which the Fourier phase spectrum is retained and the Fourier amplitudes are adjusted to match the desired input response spectrum. Note that durations as defined and specified herein must be used in a consistent manner when evaluating PSD functions and Fourier amplitudes of earthquake time histories. The recom mended T D vs. magnitude relation is illustrated in Figure 10 along with the earthquake data for which T D values have been computed, and the Eq. 15 and 16 values.
For the approach for generating synthetic earthquake time histories in which a random Four ier amplitude spectrum and a duration envelope function (Figures 2 and 7) is employed, recom mended values for time of maximum power, t", for rise time, t" and for decay time, t d , are provided in Table 4 . The recommended value;: for t," were developed from the average values determined for Eqs. 17 and 18 as shown in the tabie. The recommended time of maximum power, t", values as a function of magnitude are illustrated in Figure 11 along with values from Eqs 17 and 18. Note that recommended values of t m are less than the upper bound of 15 seconds from the Standard Review Plan (SRP) at all magnitudes. The recommended values of t" are below the lower SRP bound of 6 seconds for magnitudes less than 6. 
